Purpose: To investigate tear film stability and secretion according to serum 25-hydroxyvitamin D3 [25(OH)D] levels in dry eye patients. Methods: In this retrospective observational study, the medical charts of 92 patients who visited the Department of Ophthalmology at Hallym University Kangnam Sacred Heart Hospital from April to August 2015 were reviewed. Serum 25(OH)D levels were measured. Subjects were divided into three groups according to serum 25(OH)D levels: sufficient, inadequate or deficient group. Eye discomfort was measured by ocular surface disease index (OSDI). Tear break-up time (TBUT), fluorescein staining score and Schirmer's tear secretion test were measured. Results: The mean age was 53.38 AE 13.69 years. Mean serum 25(OH)D level was 14.41 AE 5.98 ng/ml. Tear break-up time (TBUT) and tear secretion were positively correlated with serum 25(OH)D levels (r = 0.389, p = 0.001; and r = 0.428, p < 0.001, Pearson correlation test). Tear break-up time (TBUT) and tear secretion were shorter in the vitamin D-deficient group compared to the sufficient group (p = 0.022 and p = 0.004). Fluorescein staining scores and OSDI scores were not different between the three groups. Conclusion: Tear break-up time (TBUT) and secretion were correlated with serum vitamin D levels. Vitamin D status may be an important factor for dry eye syndrome.
Introduction
Dry eye syndrome (DES) is a multifactorial condition of the tears and ocular surface that results in symptoms of discomfort, visual disturbance, and tear film instability with potential damage to the ocular surface (DEWS, 2007) . Dry eye syndrome (DES) is accompanied by tear instability, increased osmolarity of the tear film and ocular surface inflammation Begley et al. 2006; Savini et al. 2008) . Tears are secreted by the lacrimal glands and DES results from reduced tear secretion or increased tear evaporation Dartt 2009; Liu et al. 2009 ).
Vitamin D comprises a group of fatsoluble seco-sterols (Holick 1994) . Vitamin D has been known to regulate the calcium homeosis and bone formation (Anderson et al. 2012) . Vitamin D has been suggested to play an important role in innate and adaptive immunity (Wei & Christakos 2015) . Vitamin D deficiency is associated with inflammatory bowel syndrome, depression, obesity, diabetes and cardiovascular disease (Reid & Bolland 2012; Cantorna et al. 2014; Spedding 2014) . Recently, larger amounts of vitamin D were found in tear fluid obtained directly from lacrimal and accessory glands, as compared to plasma concentrations (Lu et al. 2015) . Megalin and cubilin, which are putative vitamin D transporters, are expressed in lacrimal and accessory glands responsible for producing tear fluid (Lu et al. 2015) . The vitamin D receptor has been found in the corneal epithelium, endothelium and retinal pigmentary epithelium (Alsalem et al. 2014 ) and vitamin D enhances corneal epithelial barrier function (Yin et al. 2011) . Furthermore, it has been reported that salivary gland epithelial and myoepithelial cells are major vitamin D targets and that vitamin D status is associated with secretion of saliva by rat parotid glands (Glijer et al. 1985; Stumpf & Hayakawa 2007 (Need et al. 2005) . In this study, we investigated the correlation of tear film stability and secretion with serum 25(OH)D levels.
Patients and Methods
This retrospective study was performed in accordance with the tenets of the Declaration of Helsinki and was reviewed and approved by the Institutional Review Board and Ethics Committee of the Hallym University Medical Center. Medical charts of the patients who visited the Department of Ophthalmology at Hallym University Kangnam Sacred Heart Hospital from April to August 2015 were reviewed retrospectively. Patients with dry eye syndrome and subjects who had presbyopia or visited the hospital for glasses prescriptions were included. Exclusion criteria included autoimmune diseases (such as Sjӧgren syndrome and lupus syndrome), corneal surgery (such as penetrating keratoplasty, corneal limbal allotransplantation and corneal laceration repair), corneal diseases (such as recurrent corneal erosion syndrome and keratoconus) and corneal opacity. Total 25-hydroxyvitamin D [25(OH)D] levels in serum were measured using the ADVIA Centaur XP immunoassay system (Siemens Healthcare Diagnostics, Erlangen, Germany). Serum 25(OH)D levels were categorized as adequate (≥20 ng/ml), inadequate (range, 12 to <20 ng/ml) or deficient (<12 ng/ml), according to the guidelines set by the Food and Nutrition Board of the Institute of Medicine (Institute of Medicine of the National Academies, 2010). Subjects were divided into three groups based on serum 25(OH) D levels: sufficient (≥20 ng/ml), insufficient (12-20 ng/ml) and deficient groups (<12 ng/ml; Ross et al. 2011) .
Eye discomfort was measured by the ocular surface disease index (OSDI) and visual analogue pain score (VAS). The OSDI questionnaire was used to quantify dry eye symptoms. Subjects were asked questions regarding the dry eye symptoms that they had experienced during a one-week recall period. The OSDI questions were drawn from three different subscales: ocular symptoms, vision-related functions and environmental triggers. Each answer was scored on a 4-point scale from zero (indicating no problems) to four (indicating a significant problem). Responses to all of the questions were combined to generate a composite OSDI score that ranged from 0 to 100, with higher OSDI scores indicating more severe symptoms (Schiffman et al. 2000; Li et al. 2013) . Tear breakup time (TBUT), fluorescein staining score and Schirmer's tear secretion test were measured to evaluate the tear film. Tear break-up time (TBUT) evaluation was performed in a dimly lit room. Fluorescein was placed in the lower conjunctival sac using a fluorescein strip (Haag-Streit, K€ oniz, Switzerland). The subjects were asked to blink; TBUT was measured as the time before the first defect appeared in the stained tear film. Fluorescein staining was performed as previously described (Kim et al. 2012) . After staining, corneal punctuate erosion staining was recorded using a standardized Oxford grading system (Bron et al. 2003 ). Schirmer's test was performed without topical anaesthesia to evaluate subjects' tear secretion (Savini et al. 2008) . Filter papers (Color Bar; EagleVision, Memphis, TN, USA) were placed in the lower conjunctival sac for 5 min. Readings were reported in millimetres of wetting.
Statistics
Data are expressed as mean AE standard deviation (SD). Data were analysed by one-way analysis of variance (ANOVA) and Tukey's post hoc test (a = 0.05). Pearson correlation analysis was employed to assess the correlation between tear film and serum 25(OH)D levels.
Results
A total of 79 patients were included, 22 male and 57 female. Demographic data are described in Tear film and ocular surface data according to vitamin D groups are described in Table 2 . One-way ANOVA among the three groups revealed a significant difference in TBUT (p = 0.005). Tear break-up time was shorter in the deficient group (2.63 AE 1.27 seconds) compared to the insufficient group (3.71 AE 1.61 seconds; p = 0.015) and the sufficient group (4.09 AE 1.81 seconds; p = 0.022, Tukey's post hoc test; Table 2 , Fig. 2A ). Fluorescein staining scores were not different between groups (Fig. 2B) . One-way ANOVA revealed a significant difference in tear secretion among the three groups (p = 0.005). Tear secretion measured by Schirmer's test decreased in the deficient group (4.83 AE 2.27 mm) compared to the sufficient group (9.91 AE 7.85 mm; p = 0.004, Tukey's post hoc test; Fig. 2C ). Ocular surface disease index scores were not different between groups (Fig. 2D) .
Discussion
Dry eye syndrome (DES) is a chronic ocular surface disease accompanied by irritation symptoms, such as dryness, TBUT = tear break-up time; VAS = visual analogue pain score; OSDI = ocular surface disease index. grittiness, ocular fatigue, redness, burning and soreness (Savini et al. 2008; Hua et al. 2014 ). Many risk factors have been reported including depression, sex (increased occurrence of DES in female patients), menopause, irritable bowel syndrome, thyroid diseases and fibromyalgia (Kim et al. 2011; Vehof et al. 2014 ). Association of vitamin D deficiency in DES has been suggested (Galor et al. 2014; Kurtul et al. 2015) . However, the association of DES and vitamin D status has not been thoroughly researched. In this study, we evaluated tear film correlations with serum 25(OH)D levels. Tear break-up time (TBUT) is a technique for quantifying tear film instability and is affected by tear secretion and evaporative rate (Begley et al. 2006) . Tear break-up time (TBUT) was correlated with serum 25(OH)D levels and TBUT was shorter in the deficient group compared to the insufficient group or the sufficient group. Tear break-up time (TBUT) has been reported to be linked with tear hyperosmolarity, which has been reported to trigger the inflammatory cascades of dry eye syndrome (Liu et al. 2009 ). Tear break-up time (TBUT) and fluorescein staining scores have been associated with inflammation of the ocular surface (Pflugfelder et al. 2013) . Inflammation of the ocular surface and lacrimal glands has been reported to play an essential role in dry eye syndrome Pflugfelder et al. 2013 ). The inflammatory mediators including IFN-c, IL-1, IL-6, TNF-a and IL-17 have been found to increase in DES (Pflugfelder et al. 2013) .
Vitamin D has an immunomodulatory role in the innate immune system (Wei & Christakos 2015) . Vitamin Dmetabolizing enzymes and vitamin D receptors are present in many cell types including various immune cells such as antigen-presenting cells, T cells, B cells and monocytes (Prietl et al. 2013) . The roles of vitamin D includes suppression of T-cell activation, regulation of cytokine secretion patterns, induction of regulatory T cells, modulation of proliferation and interference with apoptosis (Reichrath 2007) . Vitamin D deficiency has been reported to be associated with the immune diseases such as atopic dermatitis, rheumatoid arthritis and inflammatory bowel diseases (Holick 2004; Reichrath 2007) . Vitamin D analogues have been suggested as potential drugs for the topical or systemic treatment of immunemediated diseases (Reichrath 2007) . In addition, vitamin D has been reported to play a role in wound healing response, which is important for host protection (Rieger et al. 2015) . However, in this study, fluorescein staining scores were not different between groups. This may be the reason that the most subjects showed grade 0 for fluorescein staining.
Tear secretion was measured by Schirmer's test, the most commonly used method to evaluate aqueous tear production (Schirmer 1903) . In this study, tear secretion was positively correlated with serum 25(OH)D levels and tear secretion significantly decreased in the deficient group and in the insufficient group compared to the sufficient group. Reductions in tear secretion have been reported to play an essential role in the pathogenesis of dry eye syndrome ). The mechanisms of vitamin D on tear secretion can be suggested. Firstly, aqueous layer of tear is produced in lacrimal glands. Lacrimal glands are predominantly innervated by the parasympathetic nerve fibre and increased parasympathetic tone induces tear secretion from the lacrimal glands (Dartt 2009 ). Vitamin D insufficiency is associated with reduced parasympathetic nerve fibre function in type 2 diabetes (Maser et al. 2015) . Vitamin D has been suggested to play an important role in the dopamine system function (Cui et al. 2003) . Dopamine is an important neurotransmitter in the peripheral autonomic nervous system (Thorner 1975) . Dopamine system regulates parasympathetic tone (Thorner 1975) . Secondly, salivary gland epithelial and myoepithelial cells are major vitamin D targets (Stumpf & Hayakawa 2007) . Vitamin D involves in the multihormonal regulation of salivary gland secretion, excretion and cell proliferation (Stumpf & Hayakawa 2007) . Parotid gland secretion decreased in rats deprived of vitamin D (Glijer et al. 1985) . Similar to salivary glands, Ocular symptoms measured by the OSDI questionnaire were not different between vitamin D groups. The development of DES is related to many factors, which may impede identifying group differences (Hua et al. 2014) . Additionally, the discrepancy between subjective reported symptoms and objective signs has been identified and described in many studies (Hua et al. 2014) . Since subjective reported symptoms can be affected by personal lifestyle and mood, differences among vitamin D groups may be obscured by the self-reporting nature of the OSDI questionnaire. Furthermore, meibomian gland dysfunction was not considered in this study. Meibomian gland dysfunction is a chronic, diffuse abnormality of the meibomian glands, commonly characterized by terminal duct obstruction and qualitative or quantitative changes in the glandular secretions (Nelson et al. 2011) . Meibomian gland dysfunction results in alteration of the tear film, symptoms of eye irritation, clinically apparent inflammation and ocular surface disease (Nelson et al. 2011 ). Further study is necessary to investigate the role of vitamin D in DES and the effect of vitamin D supplementation on DES.
Different from the previous studies (Galor et al. 2014; Kurtul et al. 2015) , in this study, we measured the variables for DES according to the vitamin D levels and employed OSDI and VAS for evaluating the symptoms of DES. In this study, serum 25(OH)D levels were categorized as adequate (≥20 ng/ml), inadequate (range, 12 to <20 ng/ml) or deficient (<12 ng/ml), according to the guidelines set by the Food and Nutrition Board of the Institute of Medicine (Institute of Medicine of the National Academies, 2010). Although several studies suggested the association between vitamin D deficiency and DES (Galor et al. 2014; Kurtul et al. 2015) , Jee et al. (2016) reported no association between serum vitamin D levels and DES in population-based epidemiologic study. Different from our study, they used the outcome variable of self-reported diagnosis of DES in a general population (Jee et al. 2016) . Our study measured the variables of TBUT, FSS, tear secretion and ocular symptoms in the patients with DES.
This study is a cross-sectional study. The primary limitation of the crosssectional study design is that because the exposure and outcome are simultaneously assessed, there is generally no evidence of a temporal relationship between exposure and outcome (Solem 2015) . Although the investigator may determine that there is an association between an exposure and an outcome, there is no evidence that the exposure caused the outcome (Carlson & Morrison 2009) . Thus, there is a possibility of reverse causality because causality is unclear (Carlson & Morrison 2009) . Another limitation of this study is that it is not possible to adjust potential confounding factors. Age, gender, diabetes mellitus, irritable bowel syndrome, rheumatoid arthritis, depression, thyroid disease, atopic dermatitis or ocular surgery can be considered as potential confounding factors for DES (Galor et al. 2011; Vehof et al. 2014; Yoon et al. 2016) . Further study should be necessary to analyse the relationship between vitamin D and DES using logistic regression. In this study, we revealed that there was no difference between the groups in the mean age although there was the difference in the mean serum vitamin D levels between the groups (Table 1) .
In this study, we employed the TBUT, FSS, tear secretion, OSDI and VAS as the methods evaluating tear film and ocular surface. Recently, noninvasive methods evaluating tear film thickness have been reported (Kaya et al. 2015; Koh et al. 2015) . Further study using these non-invasive methods could be useful to evaluate the effect of vitamin D on DES.
In conclusion, this study provides the evidence that tear stability and secretion was correlated with serum 25(OH)D levels. Vitamin D status is an important factor for dry eye syndrome. Vitamin D supplementation may be helpful in treatment for DES.
